) is principally remembered for her description of the auriculotemporal nerve syndrome (or Frey's syndrome). 6 She also described a complex case of spinal cord vascular malformation, both in Polish (1926) 17 and in French (1928) . 16 A modern assessment of this neglected contribution suggests that, besides providing one of the earliest accurate anatomopathological depictions of a spinal arteriovenous malformation (AVM), Frey likely reported the first known observation of double synchronous spinal vascular malformations.
An abbreviated translation of Frey's report is followed by a discussion of the place occupied by her contribution in the development of our current understanding of spinovascular disorders.
Łucja Frey's Contribution
What follows is my translation of Frey's report. 16 The original bibliography has been incorporated in the general bibliography.
Anatomo-Clinical Study of a Case of Cirsoid Aneurysm of the Spinal Cord
J. T., a 52-year-old mason, was admitted for paraplegia on November 3, 1924 . During the previous 9 years, the patient had felt tingling, first in his feet, then progressively ascending to reach the epigastric region about 2 years ago. He was otherwise in good health, working until October 22, 1924 , when lower-extremity weakness developed suddenly.
Status at Admission
There was almost complete paralysis of the inferior limbs, particularly on the right. The touch, prick, heat and cold sensibilities were severely impaired in both lower limbs.
Soon after admission, an extensive decubitus ulcer formed in the sacral region. The patient died on December 10, 1924 , from bronchopneumonia.
Necropsy
Once the dura was opened, the posterior aspect of the cord appeared to be entirely covered by markedly thickened and sinuous vessels. These vascular changes were particularly noticeable in the lumbar region, slightly less pronounced in the inferior cervical and superior dorsal regions; the superior cervical and mid-dorsal regions were almost normal. On a cut passing through the seventh cervical segment, vessels were seen penetrating through the anterior spinal fissure into the nervous substance itself, almost occupying the anterior two-thirds of the slice surabbreviations AVF = arteriovenous fistula; AVM = arteriovenous malformation; DAVF = dural AVF. sUbMitteD October 7, 2015 face. Enlarged vessels of various calibers were visible to the naked eye in the medullary substance. On lower sections, the extent of the surface occupied by vessels sharply decreased and, at the T-2 level, there was only one sac-like distended vessel. At the T-4 level, the cord presented an almost normal quality. But, at the T8-10 level, one found again a dilated, sac-shaped vessel, which, penetrating through the anterior fissure, almost reached the posterior surface of the cord. No macroscopic alterations were noted below T-10.
Within the spinal cord itself, extreme blood vessel changes started at the seventh cervical level. On the ventral aspect, a large number of vessels covered a considerable portion of the slice, entirely occupying the anterior horn on one side, reaching the lateral edge of the cord (Fig.  1A) . A section through the fourth dorsal segment already showed a normal appearance. At the T-8 level, one found again, as mentioned in the macroscopic description, a large and dilated vessel along the midline, almost reaching the posterior aspect of the cord (Fig. 1B) . It was likely here a vein, as an elastic membrane was not detected using the Weigert method (Fig. 1C) .
Vascular anomalies dominate our case's anatomopathological picture. Two different forms can be distinguished: 1) the multiplication of vessels of various calibers within the nervous substance of the cord and 2) the multiplication and hypertrophy of pial vessels.
Which type of vascular disorder is our case showing?
The pathological alterations consisted in the hypertrophy of preformed vessels and dilation of their lumina. The lesion thus corresponds to a cirsoid aneurysm. In our case, the lesion must be very old, since clinical symptoms had been noted for 9 years already, and the pathological process was likely present for a much longer period.
One thus has to admit that a congenital malformation of the spinal vascular system constitutes the essential cause of the hypertrophy of the vessels. Since an excessive number of preformed vessels were present, this malformation must have existed since the earliest stages of development. The vascular malformation, which developed next to a hypoplasia of the nervous substance at the seventh cervical level, probably dates from that early period.
Angiomas 
Łucja Frey
Łucja Frey was born in 1889 in the city of Lwów. She initially trained in mathematics, qualifying as a secondary school teacher in 1913. 40 She started to study medicine relatively late, in 1917, at the age of 28 years. After a brief interruption, possibly related to the birth of her son, she resumed her medical education in Warsaw, where she became senior assistant to Kazimierz Orzechowski (1878-1942), the first director of the Department of Nervous Diseases of the University of Warsaw 13 ( Fig. 2 ). Frey earned her medical degree in 1923, with special recognition for her outstanding expertise in neurology, pathology, and anatomy. 40 She remained in Warsaw until 1928, a date that also marks the end of her short publishing career. She returned to Lwów to work as a neurologist and married Marek Gottesman, the father of her children Jakub and Danuta. Marek was arrested by Soviet occupation troops in 1940 for obscure reasons and was never seen again. The circumstances of Frey's death in 1942 or 1943 remain unclear as well. 39, 40 The last document proving her alive is a work permit application dated April 1, 1942 (Fig. 3) . Łucja Frey was probably murdered on August 20, 1942 , with the staff and patients of the Lwów ghetto clinic or was deported around that time to the Belzec death camp. 
Frey's Contribution
Drawing on specialties she was recognized for, i.e., neurology, anatomy, and pathology, Frey described a complex vascular malformation consisting of 2 lesions separated by several segments of unremarkable spinal cord. While not explicitly suggesting a double anomaly, she clearly distinguished 2 types of vascular alterations in her patient: 1) a multiplication (i.e., an increased number) of small or medium-sized vessels, mostly arterial in nature, located within the spinal parenchyma; and 2) a multiplication of hypertrophied pial vessels, occasionally "penetrating" the spinal cord via the anterior fissure. Both types of anomalies were present in the cranial lesion, as expected with a spinal AVM, but only the pial component was found in the caudal one, suggesting a strictly superficial anomaly, likely a perimedullary arteriovenous fistula (AVF) (Fig. 4) .
While the caudal lesion could represent a secondary phenomenon, such as the aneurysmal dilation of an arterial feeder or draining vein of the cranially located spinal AVM, Frey's detailed report does not mention a connection between the 2 anomalies, either at the macroscopic or microscopic levels. When she described the morphology of the abnormal perimedullary vessels, Frey noted that a section through the fourth thoracic segment, i.e., in between the 2 lesions, "already showed a normal appearance," while 4 segments lower, "one found again…a large and dilated vessel located along the midline, almost reaching the posterior aspect of the cord." It appears unlikely that Frey would have failed to notice the continuity of the 2 anomalies if they were part of a single entity. The following assessment of her professional qualities by a contemporary physician should comfort us in that opinion: 25, 40 Łucja Frey was extraordinarily modest, quiet and as hard working as an ant. She was distinguished to no mean extent by innovative creativity. All her works were characterized by an exceptional accuracy, a seeking for a wide and versatile understanding of the problem under study as well as a deep knowledge of her subject.
If one accepts that the 2 lesions are separate, Frey's observation represents the rare, possibly unreported combination of a spinal AVM (at C7-T2) with a perimedullary AVF (at T8-10) or, less likely, with an unrelated giant aneurysm of the anterior spinal artery. The final word belongs to Frey herself. While the vascular changes within the cranial lesion mostly involved arteries, she noted that the enlarged vessel without a detectable elastic layer constituting the lower lesion was likely a vein. Aneurysms associated with perimedullary AVFs are typically enlarged veins found on the venous side of the arteriovenous shunt. Frey's description of the caudal anomaly leaves little doubt in regard to its nature: a large venous aneurysm within the anterior-median fissure, responsible for extensive cord deformation, and compression without actual parenchymal invasion, strongly suggesting the diagnosis of a perimedullary AVF. In fact, Frey's illustrations offer strikingly accurate depictions of the typical appearance of spinal AVMs (Fig. 1A ) and perimedullary AVFs (Fig. 1B) .
Frey's discussion demonstrates the difficulty of recognizing and classifying spinal vascular anomalies before the introduction of spinal angiography in the 1960s. 9, 10 The lesions described by Gaupp, 18 Lindenmann, 32 and Sargent, 54 considered by Frey as unrelated to her observation, are all perimedullary AVFs and are essentially identical to the caudal lesion of her patient. Interestingly, Sargent himself separated his fifth case, described as an "arterial angioma," from the other 4, which he characterized as "venous angiomas," based on the presence of an aneurysmal component compressing the spinal cord.
Frey rightfully considered Raymond and Cestan's observation to be similar to hers. 48 In fact, these authors likely reported the first documented case of spinal AVM. Having noted the "participation of diverse vascular elements, veins, capillaries, arteries," they ruled out "simple spinal varices" and suggested instead the diagnosis of cirsoid aneurysm, emphasizing the presence of both intra-and extramedullary abnormal vessels. However, Frey's observation and illustrations offer a much better representation of the lesion, allowing unambiguous identification of her case as a spinal AVM: an intraaxial mass made of "vessels of various sizes," i.e., our current "nidus," associated with enlarged perimedullary arteries and veins. The second report Frey believed to be comparable to hers, published by Meyer and Kohler in 1917, 38 was either a spinal AVM or a perimedullary AVF. A definitive identification remains impossible as the fatal hemorrhage suffered by the patient resulted in extensive tissue disruption.
To our knowledge, the only excellent anatomopathological description of a spinal AVM predating Frey's is the one offered by Pelz in 1917 of a 22-year-old man, who presented with a 1-year history of back and leg pain, progressive paraparesis, and bladder incontinence, and died a few hours after an inconclusive surgical exploration.
45
The autopsy showed the lumbosacral perimedullary veins "bulging with blood, enlarged, and very tortuous." The diagnosis was clarified by the microscopic examination, which revealed "the multiplication and hypertrophy of intra-and extramedullary vessels." Pelz's contribution remains generally unappreciated. The title and focus of his article ("Casuistic contribution to the study of spinal cord neoplasms") may explain why this important work is neither mentioned in Frey's bibliography nor in most modern reviews on the topic. 
Multiple Spinal Vascular Malformations in the Literature
Distinguishing synchronous and metachronous vascular malformations is conceptually simple. In practice, however, the words "synchronous" and "metachronous" generally imply a diagnostic time frame rather than a pathological one. Two lesions may appear metachronous only because one was initially overlooked, for example, when initial angiography was incomplete or misinterpreted. 26, 31, 58 Alternatively, a second anomaly may only become angiographically detectable after treatment of the first lesion. 41 On the other hand, the simultaneous diagnosis of 2 vascular malformations does not exclude a causative relationship. 30 The hemodynamic alterations induced by a vascular malformation may result in the formation of other lesions, notably through the development of venous hypertension and/or thrombosis. 46, 49 Finally, a secondary vascular malformation may develop as an iatrogenic response to the treatment of the initial lesion. 14, 49 To remain consistent with the literature, multiple lesions were categorized here as synchronous if diagnosed simultaneously and metachronous otherwise.
Twenty-three well-documented cases of multiple spinal vascular malformations are listed in Table 1 . Lesions that appeared upon review to be solitary, 42, 43, 50, 51 single malformations with multifocal shunts, 5 and lesions with insufficient or absent angiographic documentation [35] [36] [37] 57 were excluded. Merland and colleagues offered the earliest mention of multiple spinal dural AVFs (DAVFs) (4 of 56 cases) in 1986, without specific details or angiographic images. 37 Pierot and colleagues published the first 2 angiographic observations of multiple spinal DAVFs in 1993. 46 Most cases of synchronous or metachronous multiple spinal vascular malformations published since then involve spinal DA VFs. ), while a small number of cases involves only fast-flow lesions (spinal AVMs and/or perimedullary AVFs). 35, 47, 59 The review of older material is challenging. Spinal DAVFs and spinal epidural arteriovenous fistulas were not clearly distinguished until recently, a fact likely explaining the absence of the latter type of malformation in the current review. Likewise, the "spinal AVM" label is often used to describe perimedullary AVFs as well as "true" spinal AVMs. We have therefore chosen to subcategorize the well-documented cases of multiple spinal vascular malformations into "acquired" (spinal DAVF/spinal epidural AVF) or "congenital" (spinal AVM/perimedullary AVF) lesions 53 (with the exception of the 2 reports combining spinal AVMs with atypical intradural nerve root arteriovenous malformations without dural involvement 35 ). In 12 of these 21 cases (57%), both lesions were of the acquired type. In 6 instances (29%), one was acquired and the other was congenital. Finally, in only 3 cases (14%) were both anomalies of the congenital type. When considering the age of presentation, it is worth noting that patients with multiple "acquired" lesions were on average 55.8 years old (median 61.5 years, range 24-72 years), and likely developed multifocal anomalies in a time frame consistent with the reported natural history of slow-flow arteriovenous fistulas. 53 On the other hand, the average age of patients combining "acquired" and "congenital" lesions was only 36.5 years (median 39.5 years, range 14-61 years). It is therefore possible that the formation of an acquired lesion was accelerated in the latter group by the presence of a congenital anomaly, for example, through the development of spinal venous hypertension or thrombosis. 46, 49 This hypothesis is further strengthened by the fact that at least one lesion was of the acquired type in 86% of the well-documented cases of multiple vascular malformations, a dominance suggesting a causative relationship and a metachronous time frame in most instances.
Conclusions
Three cases of spinal AVMs were published prior to Frey's report. Pelz 45 provided the first unambiguous description in 1917, but his contribution remains widely unappreciated to this day. The other 2 reports by Raymond and Cestan 48 and by Meyer and Kohler 38 were less detailed, leaving room for interpretation in regard to the exact nature of the observed lesions. Thus, in spite of its later publication date, Frey's detailed and unequivocal description substantiates the claim that her work constitutes a landmark contribution to the modern understanding of spinal AVMs. More importantly, Frey's observation includes a second, separate spinal vascular anomaly that shows the typical anatomopathological features of a perimedullary AVF. While her paper offers enough elements establishing the absence of connections between the 2 anomalies, Frey stopped short of suggesting double vascular malformations, whose existence would only be recognized decades later, after the introduction of spinal angiography. It is our opinion, however, that Łucja Frey offered the first observation of a synchronous double spinal vascular malformation and, to this day, the only one associating a spinal AVM with a perimedullary AVF. 
